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Abstract
We consider flux compactification of type II string theory with local sources on SU(3)-structure
manifolds. By adding pseudo-calibrated anti-Dp-branes wrapped on supersymmetric cycles
we generalize all existing models so that the effective d = 4, N = 1 supergravity now includes
a nilpotent multiplet. We present a new dictionary between string theory models and Ka¨hler
potential K and superpotential W for these dS supergravities with a nilpotent multiplet and
non-linearly realized local supersymmetry. In addition to KKLT and LVS with uplifting D3-
branes, we have now new models with uplifting D5, D6, D7, D9-branes. The new uplifting
contribution to the supergravity potential due to Volkov-Akulov supersymmetry is universal.
As one application of our general result, we study classical flux compactifications of type IIA
supergravity and find that a previously discovered universal tachyon is now absent.
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1 Introduction
The general flux compactifications of type II supergravity on SU(3)-structure manifolds in
the presence of calibrated (supersymmetric) sources and an orientifold projection gives rise
to four dimensional N = 1 supergravity theories. The details of the compactification can
therefore be codified into values of the Ka¨hler potential K and the superpotential W , and
potentially D-terms, that all depend on unconstrained chiral multiplets (see for example [1–5]
for an overview).
All such compactifications do not include the recently discovered de Sitter supergravity in
four dimensions [6–14], which has in addition to standard unconstrained chiral multiplets also
a nilpotent one. To include the nilpotent multiplet into all the 4d supergravities derived from
the general compactifications of the 10d supergravities that we discussed above, one can do
the following:
1. Keep using the most general compactification backgrounds which admit calibrated D-
branes and O-planes.
2. Keep the dictionary between the standard N = 1 supergravity action and the ten di-
mensional supergravity/string theory model.
3. Add pseudo-calibrated anti-D-branes wrapped on supersymmetric cycles and adjust the
tadpole condition accordingly.
4. Add to the four dimensional Ka¨hler potential K and superpotential W new terms, which
we derive in this paper. These new terms include a nilpotent multiplet and therefore
lead to a four dimensional dS supergravity theory.
To explain the generality of the new results we find it convenient to use the formalism of
generalized complex geometry and supersymmetry/calibration correspondence, following [3–5]
and references therein. In particular, it means that we start with SU(3)-structure manifolds
that admit calibrated D-branes and O-planes, which reduce the supersymmetry via the con-
straint
(1− Γp) = 0 . (1)
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Such a constraint follows from the κ-symmetric D-brane action when the local κ-symmetry
δθ(σ) = (1 + Γp)κ(σ) (2)
is gauge-fixed as proposed in [15]. In this context equation (1) is an algebraic equation defining
the Killing spinor.
The condition for supersymmetry (1) is universal and applies to all types of branes, fun-
damental strings, NS5-branes, D-branes and M-branes. Thus we expect that the results of
this paper apply beyond the case of anti-D-branes in SU(3)-structure compactifications. Su-
persymmetric (world-volume) configurations are solutions of the Born-Infeld field equations,
which satisfy equation (1) for some non-vanishing . The part of the bulk supersymmetry
preserved by such a configuration depends on the number of linearly independent solutions of
equation (1) in terms of .
In [16] the Killing spinor equations associated with the κ-symmetry transformations of
the worldvolume brane actions were studied. It was shown that these Dirac-Born-Infeld type
systems are associated with calibrations, and that all the world-volume solitons associated
with calibrations are supersymmetric.
The norms of the internal two Killing spinors admitted by the compactification manifold
are equal to each other, so that calibrated Dp-branes are admitted by the manifold. In such
case, using these spinors one can construct some polyforms bilinear in spinors and use a
language common to both type IIA and IIB theory. In particular, the existence of globally
defined nowhere-vanishing spinors allows one to construct a globally defined real two-form J
and a complex three-form Ω as certain bilinears of these spinors. As a result there is a very
nice dictionary between the string theory models with fluxes and localized sources based on
10d supergravity, and K and W of the four dimensional N = 1 supergravity.
In [3–5] a concise way of packing this dictionary is proposed, based on pure spinors which
are polyforms Ψ1 = Ψ
∓ and Ψ2 = Ψ± for IIA/IIB. These concise formulas for K and W
depend on these two polyforms, on the properties of the compactification manifold, on the
RR potentials C, on the NSNS 2-form B and on the dilaton. The explicit formulas for K and
W are given for example in equations (4.40), (4.41) in [4]. They involve specific combinations
of polyforms involving the Hitchin function, Mukai pairing and other objects of generalized
complex geometry.
We will refer to these expressions in [4] as
KIIA/IIB = K(z
i, z¯i) , WIIA/IIB = W (z
i) . (3)
When specified to the type IIA or type IIB case, these produce the well known K and W ,
which we will present in detail below in appendix A. K is a real function of the chiral multiplets
zi, z¯i and W is a holomorphic function of the chiral multiplets zi. This summarizes the steps
shown above as 1 and 2. Now we would like to explain our step 3. This step was actively
studied in string theory for the D3-brane, see for example [17–21]. The spontaneous breaking
of supersymmetry by an D7-brane in the GKP background [22] was studied in [23].
Here we will include anti-Dp-branes as one of the ingredients of the string theory models
in ten dimensions, with any p, not just p = 3. One might worry that Dp-branes and anti-
Dp-branes, when wrapped on the same cycle, are moving towards each other in the compact
space and could quickly annihilate. While this is somewhat model dependent, we like to stress
that our general results do not require the presence of Dp-branes. We can satisfy the tadpole
condition using Op-planes, fluxes and anti-Dp-branes only. In such a case there are certainly
many examples without perturbative instabilities, like for example setups with a single anti-
Dp-brane, potentially even placed on top of an Op-plane. All anti-Dp-branes we include are
pseudo-calibrated [17], so that
(1 + Γp) = 0 , (4)
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since the κ-symmetry on the world-volume of the anti-Dp-branes has the form
δθ(σ) = (1− Γp)κ(σ) . (5)
This means supersymmetry is non-linearly realized on the world-volume fields and sponta-
neously broken. The inclusion of anti-Dp-branes to a string theory model in addition to
Op-planes and maybe Dp-branes was viewed in the past as a compactification to N = 0 in
d = 4, since the anti-Dp-branes preserve the supersymmetry opposite to the one preserved by
Dp-branes and Op-planes.
Here we will show that, in fact, one should view this step as a general way of relating
string theory models, with calibrated and pseudo-calibrated branes, to four dimensional dS
supergravity [6–14]. It means that via such compactifications we obtain a supergravity ac-
tion, which in addition to unconstrained multiplets has also a nilpotent one. The nilpotent
multiplet represents non-linearly realized Volkov-Akulov supersymmetry [24]. The action of
dS supergravity interacting with matter has a local non-linearly realized supersymmetry.
Our step 4 is to give the modifications of K and W due to the presence of the nilpotent
multiplet. The new action has a non-linearly realized N = 1 supersymmetry, which is a
hallmark of dS supergravity. Our main results are the new K and W , which depend also on a
nilpotent multiplet S, in addition to unconstrained chiral multiplets zi. They are generically
of the form
Knew(zi, z¯i;S, S¯) = K(zi, z¯i) +KSS¯(z
i, z¯i)SS¯ ,
W new(zi, S) = W (zi) + µ2S . (6)
We will show that the nilpotent field metric, KSS¯(z
i, z¯i) is computable: for each set of in-
gredients in the so-called ‘full-fledged string theory models’ one can compute KSS¯(z
i, z¯i) as
function of the overall volume, the dilaton and the volume moduli of the supersymmetric
cycles on which the anti-Dp-branes are wrapped. In IIB we will have four cases
D9 on a 6-cycle , D7 on 4-cycles , D5 on 2-cycles , D3 on a 0-cycle . (7)
In type IIA for SU(3) structure manifolds there are no non-trivial closed 1-forms [1]. Serre
duality then implies that there are no 5-forms either. Poincare duality then implies that
there are no non-trivial 1- and 5-cycles that can be wrapped by a Dp-branes. Thus, from all
potential cases
D8 on 5-cycles , D6 on 3-cycles , D4 on 1-cycles , (8)
only one survives
D6 on 3-cycles . (9)
Since the nilpotent multiplet does not have a scalar component, the new potential has an
additional term but still depends on the same closed string moduli.1 The new F-term potential
acquires an additional nowhere vanishing positive term, as always associated with Volkov-
Akulov non-linearly realized supersymmetry
V new(zi, z¯i) = V (zi, z¯i) + eK(z
i,z¯i)|DSW |2 , (10)
where
|DSW |2 ≡ DSWKSS¯(zi, z¯i)DSW . (11)
1We are setting the open string moduli on the anti-Dp-branes to zero for simplicity. They can be included into
the general dS supergravity using additional constrained multiplets, see for example [25,26] as well as [20].
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The positivity of the new term in the potential is due to the positivity of eK(z
i,z¯i) and the
positivity of the nowhere vanishing |DSW |2 signifying the non-linear realization of the Volkov-
Akulov supersymmetry.
It is rather gratifying to see that dS supergravity might be associated with string theory
models in case of all pseudo-calibrated Dp-branes, which should be wrapped on supersymmet-
ric cycles of the compactification manifolds. The well-known case of the D3-brane uplift [27]
is not unique anymore.
2 Type II compactifications with calibrated sources
In this section we review (classical) flux compactifications of type II supergravity on SU(3)-
structure manifolds in the presence of calibrated (i.e. supersymmetric) sources, in particular
D-branes and O-planes (see for example [1, 2] for an overview). Compactifications on SU(3)-
structure manifolds give rise to four dimensional theories, which preserve linear N = 2 super-
symmetry that is explicitly broken to linear N = 1 by performing in type IIA an O6 orientifold
projection and in type IIB by performing an O3/O7 or O5/O9 orientifold projection.
The theories that lead upon compactification on an SU(3)-structure manifold to a standard
4d N = 1 theory have an action that consists of three parts, the closed string type II action,
the Op-plane action and the Dp-brane action2
S = SII +NOpSOp +NDpSDp , (12)
We will now split each of the above three terms into two parts, the second of which is relevant
for the tadpole cancellation condition
S = S˜II +
∫
Cp+1 ∧ (dF8−p −H ∧ F6−p) +NOp(SDBIOp + SCSOp) +NDp(SDBIDp + SCSDp) . (13)
Now we have that SCSOp = −2p−5
∫
Cp+1 and S
CS
Dp =
∫
Cp+1 + . . ., where . . . includes other
bosonic and fermionic terms (for the ease of presentation we temporarily set the Dp-branes
tension to one). Varying the action with respect to Cp+1 leads to the following (integrated)
tadpole cancellation condition∫
dF8−p −H ∧ F6−p = −2p−5NOp +NDp . (14)
Once we satisfy this tadpole cancellation condition the remaining part of the action that gives
rise to a standard 4d N = 1 supergravity action is
Sstandard−SUGRA = S˜II +NOpSDBIOp +NDpS
DBI
Dp . (15)
The resulting 4d N = 1 supergravity action has the form
Sstandard−SUGRA =
∫
d4x
√−g
(
1
2
R−Ki¯ı∂µzi∂µz¯ ı¯ − V
−1
2
(Refαβ)F
α
µνF
µν,β − 1
2
(Imfαβ)F
α
µνF˜
µν,β
)
. (16)
Here the scalar potential is a combination of F-term and D-term parts and is given by
V = eK
(
Ki¯DiWDjW − 3|W |2
)
+
1
2
(Ref)−1αβDαDβ . (17)
2Here SOp/Dp denote the action for a single plane/brane. The O-planes or D-branes can wrap different cycles
but we omit a corresponding index. In the case of O3/O7 and O5/O9 there are two different p’s and our argument
goes through in the same way.
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This action is determined by the real Ka¨hler potential K, the holomorphic superpotential W
and the holomorphic gauge kinetic function fαβ. These depend on the complex scalar fields z
i
that arise from dimensionally reducing the metric as well as the other ten dimensional string
fields. As mentioned above, for an SU(3)-structure manifold we can use the Killing spinors to
construct a Ka¨hler (1,1)-form J and a holomorphic (3,0) form Ω (see [1] for details). These
contain the Ka¨hler and complex structure moduli. Additionally, we get in the NSNS sector
scalar fields from the Kalb-Ramond field B and the dilaton eφ. The parameters that enter
the scalar potential from the NSNS sector are the H-flux as well as so called metric fluxes
that encode the curvature of the SU(3)-structure manifold. The scalars and parameters that
arise in the RR-sector depend on whether we are studying type IIA or type IIB and on the
particular orientifold projection. We will discuss them in detail in appendix A.
Generically, the effective scalar potential derived from 10d for compactifications with a
warped metric is given for example in eq. (4.4) in [17], see the notation there. Namely the
density of the 4d potential consists of 2 parts, the one from the classical 10d supergravity
action with fluxes
V˜eff =
∫
M6
dVol6e
4A
{
e−2φ[−R6 + 1
2
H2 − 4(dφ)2 + 8∇2A+ 20(dA)2]− 1
2
F˜ 2
}
(18)
and the part from the local sources
V loceff =
∑
i
Ti
(∫
Σi
e4A−φ
√
det(g|Σi + Fi −
∫
Σi
Cel|Σi ∧ eFi
)
(19)
Here the localized sources are D-branes and O-planes, where for the O-planes we have to set
Fi = 0. As above for
√
α′ = 1/2pi one has TDp = 1, TOp = −2p−5. Many examples of this
setup and relations to the concept of calibrated D-branes can be found in [17]. We present
the relevant cases in the next sections.
This concludes a short review of flux compactifications of type II supergravity on SU(3)-
structure manifolds in the presence of calibrated (i.e. supersymmetric) sources (see for exam-
ple [1, 2] for more details).
3 Adding pseudo-calibrated anti-Dp-branes
In most string theory compactifications with phenomenological applications the goal was to
find the ingredients of standard 4dN = 1 supergravity, i.e. to find K and W for unconstrained
chiral multiplets and to identify the potential (17) associated with ‘full-fledged string theory
models’. In [17] an important step was made to accommodate the KKLT construction in
this setting. At that time adding an anti-D3-brane, even pseudo-calibrated, meant that
supersymmetry of the kind available in standard supergravity becomes broken down to N = 0.
The additional term in the potential, the so called uplifting term in KKLT, Vup =
8D
(Imρ)3
, was
not part of the potential in (17) and only the bosonic term Vup was presented.
Since then the manifestly supersymmetric version of the KKLT uplifting was proposed in
the form in which the anti-D3-brane is represented by a nilpotent multiplet S with S2 = 0,
corresponding to VA non-linearly realized supersymmetry [28]. In this case the new K and
W are (in the unwarped case) given by
K = −3 log (T + T¯ )+ SS¯ ,
W = W0 +A exp(−aT ) + µ2 S , ⇒ Vup = eK |DSW |2
∣∣
S=S¯=0
=
µ4
(T + T¯ )3
.
(20)
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The reason why in the KKLT case the presence of D3-branes and O3-planes which were
constrained by a tadpole condition, was not leading to an uplift term, is due to the fact that
these were calibrated: they preserved the same symmetry as the background, (1 − Γp) = 0.
Meanwhile, the anti-D3-branes are pseudo-calibrated, they preserve the symmetry opposite
to that of the background and the D3-branes/O3-planes, (1 + Γp) = 0.
The concept of calibrated Dp-branes and pseudo-calibrated pseudo-calibrated anti-Dp-
branes is totally general. From this perspective, in dS supergravity constructions there is
no need to restrict ourselves to anti-D3-branes as an exclusive source of Volkov-Akulov non-
linearly realized supersymmetry. Any D-brane has a non-linearly realized supersymmetry and
therefore one has to look at the general case of including pseudo-calibrated anti-Dp-branes,
wrapped on supersymmetric cycles, as new local sources, and check the tadpole condition, as
suggested in point 3 in the Introduction.
From all possible Dp-branes with p ≥ 3 we can get uplift terms, i.e. positive new terms
in the 4d scalar potential, if there are supersymmetric (p− 3)-cycles on our compactification
manifold. In type IIB there are 6-, 4-, 2-, 0-cycles, therefore we will have an uplift term due
to anti-D9-, anti-D7-, anti-D5-, anti-D3-branes. In type IIA on SU(3)-structure manifolds
there are only 3-cycles and therefore only anti-D6-branes can give rise to a new positive uplift
term in the scalar potential.
Let us now repeat the general derivation of the four dimensional action at the beginning
of section 2 but now we also include anti-Dp-branes. The action is
S = SII +NOpSOp +NDpSDp +NDpSDp , (21)
We again split each of the above terms into two parts and use that SDp = S
DBI
Dp − SCSDp
S = S˜II+
∫
Cp+1∧(dF8−p−H∧F6−p)+NOp(SDBIOp +SCSOp)+NDp(SDBIDp +SCSDp)+NDp(SDBIDp −SCSDp) .
(22)
Varying the action with respect to Cp+1 leads now to the following (integrated) tadpole
cancellation condition∫
dF8−p −H ∧ F6−p = −2p−5NOp +NDp −NDp . (23)
Once we satisfy this tadpole cancellation condition the remaining part of the action that now
will give rise to a new 4d N = 1 dS supergravity action is
SdS−SUGRA = S˜II +NOpSDBIOp +NDpS
DBI
Dp +NDpS
DBI
Dp . (24)
The above action is actually related to the standard supergravity action in equation (15) in
a very simple way. Let us assume for example that we satisfy the new tadpole condition in
equation (23) by not changing the fluxes on the left-hand-side nor NOp, but simply by adding
an additional NDp Dp-branes so that NDp → NDp +NDp. Then we find that the new action
has the form
SdS−SUGRA = Sstandard−SUGRA + 2NDpS
DBI
Dp . (25)
So the new action is actually related to the old one by adding twice the DBI action for the
anti-Dp-brane. This result holds in full generality also in the absence of any Dp-branes. In
this case one has to adjust the fluxes because of the tadpole condition in equation (23). This
adjustment of the fluxes then modifies S˜II exactly in the right way to give the new term in
the dS supergravity action.
Therefore, for all anti-Dp-branes we find that they lead to a new contribution to the scalar
potential in four dimensions that is in string frame of the form
VDp = 2NDp,αTDp
∫
Σα
dp−3ξe−φ
√
det(G+B − 2piα′F ) , (26)
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where α labels the different (p − 3)-cycles Σα that are wrapped by the anti-Dp-branes and
TDp denotes their tension. In the next two sections we will work out exactly how this new
term can be included in the Ka¨hler and superpotential via a nilpotent chiral superfield. For
simplicity we do not include the worldvolume scalar fields on the anti-Dp-branes, like the
gauge field or the position moduli in our discussion. It should be possible to include them
using other constrained multiplets as in [25, 26]. Note however that these moduli could be
absent in some cases, if we for example place a single anti-Dp-brane on top of an Op-plane.
In all cases we will find that
V new(zi, z¯i) = V (zi, z¯i) + eK(z
i,z¯i)DSWK
SS¯(zi, z¯i)DSW (27)
and the dictionary between string theory models with anti-Dp-branes and dS supergravity
with a nilpotent multiplet will be established.
3.1 Pseudo-calibrated anti-Dp-branes in type IIB
The calibration condition for p = 3, 5, 7, 9, is given in [2] in the paragraph between (2.185)
and (2.186). It allows us to rewrite the new positive term in the scalar potential, given above
in (26), as
VDp = 2NDp,αTDp
∫
Σα
dp−3ξe−φRe
(
eJ+iB
)
. (28)
Explicitly this means (see appendix A for our notation)
VD3 = 2ND3TD3
∫
d0ξe−φ = 2ND3TD3Im(τ) ,
VD5 = 2ND5,αTD5
∫
Σα
d2ξe−φJ = 2ND5,αTD5Im(t
α) ,
VD7 = 2ND7,αTD7
∫
Σα
d4ξ
1
2
e−φ (J ∧ J −B ∧B) = −2ND7,αTD7Im(Tα) ,
VD9 = 2ND9TD9
∫
X
d6ξe−φ
(
1
6
J ∧ J ∧ J − 1
2
J ∧B ∧B
)
= −2ND9TD9Im(T ) . (29)
So we see that there is a nice unifying description.
Now we go to the 4d Einstein frame.3 Above we have already identified the correct moduli
in Einstein frame so that this rescaling changes all the above expressions only due to the∫
d4x
√−gs4 = ∫ d4x√−gE4 e4φV26 = ∫ d4x√−gE4 e4φ4 factor in the DBI action. Here we defined
in the last equation the four dimensional dilaton φ4 = φ− 12 ln(V6).
For the anti-D3-brane this gives the usual (unwarped) expression, if we use that for a
single Ka¨hler modulus in 4d Einstein frame we have 23V26 = ie3φ(T − T¯ )3,
VD3 = 2ND3TD3Im(τ)
e4φ
V26
= 2ND3TD3
e3φ
V26
= 2ND3TD3
23
i(T − T¯ )3 . (30)
For all cases we have simply
VD3 = −iTD3ND3(τ − τ¯)e4φ4 ,
VD5 = −iTD5ND5,α(tα − t¯α)e4φ4 ,
VD7 = iTD7ND7,α(T
α − T¯α)e4φ4 ,
3The 10d action in string frame contains the term S ⊃ ∫ d10x√−gs10e−2φR4 = ∫ d4x√−gs4R4V6e−2φ =∫
d4x
√
−gE4 R4. Here we have only redefined the 4d metric gs4 → e2φgE4 /V6.
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VD9 = iTD9ND9(T − T¯ )e4φ4 . (31)
Let us introduce the shorthand notation for all cases above
VDp = 2TDpe
4φ4ImΦ , (32)
where ImΦ = {ND3Imτ,ND5,αImtα,−ND7,αImTα,−ND9ImT } is a positive, real linear com-
bination of the respective complex moduli in the particular setups.
We can then obtain the above expression VDp from
K = Kbefore + ie
Kbefore
e−4φ4
(Φ− Φ¯)SS¯ ,
W = Wbefore + µ
2S , (33)
where µ4 = TDp. For the particular case of an anti-D3-brane this agrees with the previously
derived equation (3.40) in [20].
3.2 Pseudo-calibrated anti-Dp-branes in type IIA
Spacetime filling Dp-branes in type IIA wrap an odd dimensional internal cycle, this leaves
us only with the case of anti-D6-branes, since there are no non-trivial 1- and 5-cycles.
The calibration condition for D6-branes is given in [2] in equation (2.184). It allows us to
rewrite the new term in the scalar potential, given above in (26), as 4
VD6 =
2ND6,KTD6
V26
∫
ΣK
e3φ
√
V6ReΩ = 2ND6,KTD6e4φ4Im(ZK) . (34)
We again can write this new term by including a nilpotent chiral multiplet S coupled to the
other fields. In particular, one finds that
K = Kbefore + ie
Kbefore
e−4φ4
ND6,K(Z
K − Z¯K)SS¯ ,
W = Wbefore + µ
2S . (35)
where µ4 = TD6.
4 dS vacua in type IIA dS supergravity
We are now focusing on the particular case of massive type IIA flux compactification to which
we can add anti-D6-branes as explained in subsection 3.2. This case is particularly simple since
all moduli can be stabilized (see [30] for a review of this particular class of compactifications).
However, it has never been possible to find (meta-) stable dS vacua in this context. All
example of dS critical points have always had at least one tachyonic direction with large slow-
role parameter |η| & O(1) [31]. This had lead people to investigate whether there are no-go
theorem’s in this case that forbid stable dS vacua [31–34]. Two for us important insights
have emerged from these studies: 1) The obstinate tachyonic direction involves the 3-cycle
moduli [31, 33, 34]. 2) In the limit of very small positive value of the potential, the tachyonic
direction seems be connected to the sGoldstino [31,33–35].
4We use slightly different conventions compared to [2]. We take i
∫
Ω ∧ Ω¯ = 1 (see eqn. (2.12) of [29]) instead
of [2] where i
∫
Ω ∧ Ω¯ = V6. Hence we have an extra factor of
√V6. As discussed above, we get an extra factor e4φV26
from going to 4d Einstein frame.
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Figure 1: The extra term from an anti-D6-brane can lead to a stable minimum near a dS saddle
point. The dashed blue potential Vtachyon with the maximum is the standard potential when only
calibrated D6-branes and O6-planes are present. The uplift due to the anti-D6-brane, Vup ∝
1/Im(Z)3, is shown by a black dotted line. Finally, the sum of the original tachyonic potential and
the uplift potential is shown as solid red line and exhibits a dS minimum.
Our new term that appears in the action does involve the 3-cycles since we can wrap
them with anti-D6-branes, so the new term should have an effect on the tachyonic direction.
Furthermore, since the anti-D6-branes break supersymmetry they will modify the sGoldstino
direction. For dominant SUSY breaking from anti-D6-branes, the Goldstino will be the world-
volume fermion on the anti-D6-brane, which is encoded in the nilpotent field S2 = 0. This
Goldstino has no scalar partner and therefore there is no sGoldstino that is at the risk of
being tachyonic.5 The explicit no-go theorem [34] that predicts a tachyonic field with η ≤ −43
in standard type IIA compactifications is circumvented in the more general dS supergravity,
due to the presence of anti-D6-branes.
Given the above it might not be guaranteed that the tachyonic direction can be absent in
these models, however, we will provide a simple intuitive reason for why this is actually the
case. Let us restrict to the case of a model with a single 3-cycle modulus Im(Z) (or more
generally this Im(Z) could be the linear combination of 3-cycle moduli that is tachyonic). Then
near the dS saddle point at Im(Z) = Im(Z0) the potential without the anti-D6-branes has the
form Vtachyon ∝ V0−(Im(Z)−Im(Z0))2, for some V0 > 0. The positive new term from the anti-
D6-branes in equation (34) above has an implicit Im(Z) dependence from e4φ4 ∝ 1/Im(Z)4,
so that it scales like Vup ∝ 1/Im(Z)3. The combination of these terms then generically has a
dS minimum for an appropriately chosen number of anti-D6-branes, as is shown in figure 1.
We study this for the simplest known example and find indeed for appropriately tuned
parameters that the obstinate tachyon is absent. In the truncation to left-invariant fields,
there is no other tachyon, so it is possible that this is the first stable dS vacuum in this
context. In order to know for sure, one has to check that there are no other light fields that
have a negative mass, see section 3.1 of [36] for a discussion of this point.
One might worry that anti-D6-branes could annihilate quickly against the background
fluxes [37]. However, the analysis in [37] is only valid for a large number of anti-D6-branes,
while for a small number a different result seems likely [38]. So it is plausible that uplifting
leads to long lived dS vacua, if one uses a single anti-D6-brane or an anti-D6-brane on top of
5The supersymmetry on the anti-D6-branes is non-linearly realized. The fermions on the worldvolume do not
simply get mapped into a boson under these transformations (see for example [26] for more details).
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an O6-plane.
In this simplest model the unstable dS vacua that were previously found in [39,40] can be
shown to all lie at small volume and large string coupling [30] so that one expects large α′
and string loop corrections. The anti-D6-brane contributions shift the positions of the vacua
so that one has to analyze the full moduli space in this model to check whether dS vacua in
a trustworthy regime could exist. There are of course also many more models that one can
study in this new context. We leave a more detailed analysis to the future [41].
4.1 The isotropic S3 × S3/Z2 × Z2 example
Probably the simplest example of compactifications of type II string theory is the compacti-
fication on T 6/Z2 × Z2, where one identifies the three T 2 in T 6. After this identification this
model has only three complex moduli, whose imaginary parts correspond to a single volume
modulus, a single complex structure modulus and the dilaton.6 We compactify on this space
and include in the NSNS sector H-flux, denoted by h below, as well as metric fluxes. The
latter are being equivalent to adding curvature and we choose them in such a way that the
internal space is actually S3×S3. This model has been studied in [31,33,34,36,39,40,42–47].
The only non-trivial fluxes we can add in the RR sector are F0 and F2 fluxes, whose parameter
we denote by f0 and f2. Furthermore, we do an O6-orientifold projection and now allow for
the addition of ND6,K , K = 1, 2 anti-D6-branes on the two even 3-cycles. In our notation the
Ka¨hler and superpotential take the form
K = − ln [−2i(Z1 − Z¯1)]− 3 ln [−2i(Z2 − Z¯2)]− ln[i(t− t¯)3 − 2i SS¯
ND6,K(Z
K − Z¯K)
]
,
W = (h+ 3t)Z1 − 3(h− t)Z2 + 3f2t2 − f0t3 + µ2S . (36)
In this model there are no D-terms. The internal volume is 8V6 = i(t − t¯)3 and the four
dimensional dilaton is e−4φ4 = e−4φV26 = 28Im(Z1)Im(Z2)3. We have used S2 = 0 to rewrite
−3 ln [−i(t− t¯)]+2 SS¯
(t− t¯)3ND6,K(ZK − Z¯K)
= − ln
[
i(t− t¯)3 − 2i SS¯
ND6,K(Z
K − Z¯K)
]
. (37)
The scalar potential of this model is not too complicated and we have actually been able to
minimize it analytically in terms of the parameters. We have found that for suitable chosen
values of the parameters we do indeed find stable dS solutions in our truncated model, i.e.
the addition of anti-D6-branes has removed the tachyon, see figure 2.
We have explicitly checked that no other of the left-invariant moduli directions are tachy-
onic and that there are indeed metastable dS solutions in this truncation. There is a large
parameters space and we leave it to the future [41] to map it out and check whether one
finds stable dS vacua in a trustworthy regime.7 One concrete set of values that leads to a
dS a vacuum, that is however at small volume, strong coupling and does not have properly
quantized fluxes and numbers of anti-D6-branes, is given by
f0 = −1 f2 = 1 h ≈ −4.55
Re(t) ≈ 1.14 Re(Z1) ≈ −3.08 Re(Z2) ≈ −0.519
Im(t) ≈ 1.76 Im(Z1) ≈ 4.31 Im(Z2) ≈ 0.251
N1 = .05 N2 = .05 µ = 1
6This model is the harmonic oscillator of compactifications and is often called ‘STU-model’ in the literature. We
reserve S for the nilpotent field here and also label the other moduli differently.
7In addition to the quantization conditions one might worry that one could need on some cycles D6-branes as
well as anti-D6-branes in order to find dS vacua. This would probably lead to instabilities once one includes open
string moduli. However, in this example one can find dS vacua for N1 6= 0, N2 = 0, as well as N1 = 0, N2 6= 0, so
that this issue can be avoided.
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Figure 2: On the left we see that there is a tachyon in the plain spanned by (Im(Z1), Im(Z2)). On
the right the tachyon is gone, after we include the new term coming from anti-D6-branes.
In this case the value of the scalar potential at the minimum is V ≈ 2 × 10−4 and the
eigenvalues of the Hessian ∂i∂jV , for i, j running over real and imaginary part of t, Z
1 and
Z2 are approximately {4.7, 3.1, 0.95, 0.74, 0.024, 0.00012}. This example is clearly not yet a
full-fledged string theory solution. However, it is a proof of principle that the usefulness of
uplift terms from anti-Dp-branes and the corresponding dS supergravity theories are very
interesting and extend well beyond the KKLT [27] and LVS [48] scenarios.
5 Discussion
In supersymmetry preserving compactifications of string theory, without the so-called pseudo-
calibrated anti-Dp-branes, it seems difficult to find de Sitter vacua. Here we have shown that
the familiar uplifting term from anti-D3-branes can be generalized to all pseudo-calibrated
anti-Dp-branes, wrapped on supersymmetric cycles. In particular, we have shown that includ-
ing anti-Dp-branes in compactifications of type II string theory on SU(3)-structure manifolds
leads to new positive terms in the scalar potential. We have explicitly calculated these terms
and derived how they fit into the context of dS supergravity, which is the standard 4d N = 1
supergravity coupled to a nilpotent chiral multiplet (and potentially other constrained multi-
plets).
In type IIB it is known that to stabilize moduli in AdS space, in the first place, one
should add some non-perturbative effects like D-brane instantons or gaugino condensation,
which add to the potential some exponential dependence on moduli, instead of polynomial.
Only when the moduli are stabilized in AdS using non-perturbative effects, an uplift via an
anti-D3-brane/a nilpotent multiplet becomes useful and dS vacua are available. From this
experience with anti-D3-branes we might expect that one may also needs non-perturbative
effects for anti-D5, anti-D7, anti-D9-branes, to find some metastable dS vacua.8 This needs
to be studied but it seems possible that instantons/gaugino condensate can lead to a strong
stabilization of all moduli, similar to the setup studied in [49]. General supergravity models
of such type where studied in section 5.1 of [50], where the Polonyi field C would now be
replaced by the nilpotent multiplet S that arises from anti-branes in string theory. Based
on these results, it seems possible that the new uplifting terms can supply new classes of dS
vacua.
8Similarly to the anti-D3-brane case, one probably also needs to substantially warp down the anti-brane tension,
which is certainly problematic for the anti-D9-branes.
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In type IIA flux compactifications moduli can be stabilized without using perturbative or
non-perturbative corrections, but so far all dS vacua appearing in the standard 4d N = 1
supergravity had one universal tachyon. For dS vacua that are close to a no-scale Minkowski
vacuum, the existence of such a tachyon in these models was proven in [34]. Here we were
up to a surprise in the simple STU-model: when the effect of the anti-D6-brane is taken into
account via a nilpotent multiplet, the uplift removes the universal tachyon and all moduli in
the truncation to left-invariant forms are stabilized in a dS vacuum. It remains to be seen, if
full-fledged string theory solutions at large volume and small string couplings are available in
this new setting.
In conclusion, arguably, the discovery of dark energy may be viewed as a discovery of the
Volkov-Akulov non-linearly realized supersymmetry from the sky.
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A Explicit four dimensional supergravity theories
In this appendix we discuss the detailed form of type II compactifications on SU(3)-structure
manifolds, where we will use the notation of [51], to which we refer the interested reader for
more details. For simplicity, we restrict ourselves here to the four dimensional data without
including open string moduli from D-branes (see for example [52] and references to that article
for how open string moduli appear). Our expressions are still correct in the presence of D-
branes, if one sets the world volume fields like for example the scalar fields that control the
D-brane position and the world volume vectors to zero.
Note, that we restrict to purely geometric compactifications so that the corresponding
type II supergravity setups and their solutions should correspond to full-fledged string theory
solutions, if they are found at large volume and weak coupling and satisfy the proper flux
quantization and tadpole conditions.
A.1 Type IIA with O6-planes
In type IIA we have the RR-fluxes F0, F2, F4 and F6 that can thread the six dimensions of the
SU(3)-structure manifold. In this sector we get scalar fields from the RR-form C3 only since
SU(3)-structure manifolds have no 1- and 5-cycles. However, they do have 2-cycles so that
we can get also Abelian vector fields from C3. The reduction of type IIA on CY3 manifolds
was worked out in [53]. There it was found that the complex four dimensional scalar fields
ZK and ta are given via the expansion of
Ωc ≡ C3 + 2ie−φ4Re(Ω) = 2ZKaK ,
Jc ≡ B + iJ = taωa , (38)
where e−φ4 is related to the dilaton eφ and the overall volume V6 = 13!
∫
J ∧ J ∧ J via
e−φ4 = e−φ
√V6.
The resulting Ka¨hler and superpotential was worked out for CY3 manifolds in [53], while
[42] was the first paper to describe an extra term in W that arises from metric fluxes and [54]
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showed that also non-vanishing D-terms can arise in this case. The four dimensional data is
given by
K = 4φ4 − ln(8V6) ,
W =
∫ (
Ωc ∧ (H − ω · Jc) + F6 + F4 ∧ Jc + 1
2
F2 ∧ Jc ∧ Jc + 1
6
F0Jc ∧ Jc ∧ Jc
)
,
fαβ = iκˆaαβt
a , (39)
where we have given a simple form of K that is an implicit function of the complex scalars.
The curvature determines ω that maps the 2-form Jc to a 3-form ω ·Jc. The triple intersection
numbers κˆaαβ are determined by the geometry. The D-terms are given by
Dα = 2ie
φ4 rˆKα FK , (40)
where rˆKα is determined by the curvature of the SU(3)-structure manifold and the FK are
purely imaginary functions of Re(Ω). Thus we find that type IIA reduced on SU(3)-structure
manifolds in the presence of O6-planes gives generically rise to a standard four dimensional
N = 1 supergravity theory that has F-terms as well as D-terms.
The interesting feature of these type IIA flux compactifications is that all moduli can be
stabilized by using the classical scalar potential (as was first observed in [29, 42, 43]). This
means that perturbative and non-perturbative corrections can be neglected in solutions that
are found at large volume and small coupling. This makes this class of models particular
simple. It was proven in [55] that in the absence of curvature, i.e. if the internal space is a
Calabi-Yau 3-fold, then the scalar potential has only AdS vacua. If one includes curvature,
then one can find dS critical points [39, 45, 46], however, until now all of these dS solutions
had always one tachyonic direction, i.e. they were saddle points rather than local minima.
A.2 Type IIB with O3/O7-planes
The RR-sector for type IIB compactified on SU(3)-structure manifolds gives only rise to pa-
rameters in the scalar potential via the F3-flux (since there are no 1- and 5-cycles that we
could thread with fluxes). The complex scalars that appear holomorphically in the superpo-
tential are the complex expansion coefficients of the holomorphic 3-form Ω as well as τ , Ga
and Tα, defined via
τ = C0 + ie
−φ ,
Gaωa = C2 + τB ,
Tαµ
α = C4 + C2 ∧B + 1
2
τB ∧B − i
2
e−φJ ∧ J . (41)
The resulting four dimensional Ka¨hler and superpotential have been worked out in [56, 57]
and are given by
K = − ln
[
i
∫
Ω ∧ Ω¯
]
− 4 ln [−i(τ − τ¯)]− 2 ln [2V6] ,
W =
∫
[F3 + τH3 + ω · (C2 + τB)] ∧ Ω . (42)
Here we have again given K as implicit function of the moduli and ω · (C2 + τB) is a 3-form
that depends on the Ga moduli as well as the curvature of the SU(3)-structure manifold. The
volume is defined as in type IIA above via V6 = 13!
∫
J ∧ J ∧ J = 13!καβγvαvβvγ . The gauge
kinetic function is a holomorphic function that depends only on the complex structure moduli
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contained in Ω and is given in equation (3.11) of [51]. The D-terms are only non-vanishing, if
there is curvature, encoded in rˆαK , and they are given by
DK = − e
φ
2V6 rˆαKv
α . (43)
So contrary to the F-term potential that satisfies a no-scale condition and depends on the
Ka¨hler moduli Tα only via an overall factor, the D-term potential can have a more interesting
dependence on the volume via the dependence on vα.
Generically, but also specifically in the case of Calabi-Yau compactifications, which have
no curvature, one finds that the above classical scalar potential is not sufficient to stabilize all
moduli. The flat directions are then lifted by perturbative and non-perturbative contributions.
The most well studied scenarios here are KKLT [27], where a non-perturbative contribution
Wnp is used and the LVS scenario [48], where Wnp as well as a perturbative contribution
to K are used. All of these perturbative and non-perturbative corrections that modify the
functions in the standard 4d N = 1 supergravity should be included and do not affect our
general observation below that anti-D-branes give rise to a simple extra term in K and W .
A.3 Type IIB with O5/O9-planes
In the case of an O5/O9 orientifold projection the story is similar to the case above. We again
only have F3 flux giving rise to parameters in the superpotential. However, the particular
combination of fields that appear holomorphically in the superpotential are different. They
are again given by the complex expansion coefficients of Ω and by tα, La and T defined via
tαµα = C2 + ie
−φJ ,
Laω˜
a = C4 + C2 ∧B + ie−φB ∧ J ,
T =
∫
CY3
[
C6 + C4 ∧B + 1
2
C2 ∧B ∧B + ie−φ
(
1
2
J ∧B ∧B − 1
6
J ∧ J ∧ J
)]
.(44)
The resulting four dimensional Ka¨hler and superpotential have been worked out [56, 57] and
are given by
K = − ln
[
i
∫
Ω ∧ Ω¯
]
− 4 ln
[
e−φ
]
− 2 ln [8V6] ,
W =
∫ [
F3 + ω · (C2 + ie−φJ)
]
∧ Ω . (45)
The Ka¨hler potential is actually the same as for the O3/O7 orientifold projection but it is now
an implicit function of the moduli given in equation (44). The gauge kinetic function depends
holomorphically on the complex structure moduli contained in Ω and is given in equation
(3.36) of [51]. The H-flux does not appear in W but appears in the D-terms via its expansion
coefficients pk. The D-terms are given by
Dk =
eφ
2V6 (raku
a − pk) , (46)
where the ua are the expansion coefficients of B = uaµa and rak is again determined by the
curvature of the SU(3)-structure manifold.
Again one expects in this setup, like in any 4d N = 1 supergravity theory, that all flat
directions will receive important perturbative and/or non-perturbative corrections. It would
be very interesting to investigate whether the new terms we derive in this paper are sufficient
(maybe together with quantum corrections) to lead to dS vacua in this setup.
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